Introduction {#s1}
============

Worldwide, alcohol-related morbidity and mortality represent a major public health issue. Given that low or moderate use of alcohol reduces anxiety and inhibition, alcoholic beverages are often consumed during normal recreational activities. The United States (US) National Institute on Alcohol Abuse and Alcoholism defines "heavy drinking" as consuming more than four drinks/day or fourteen drinks/week for males, and three drinks/day or seven drinks/week for females. Approximately 25% of heavy drinkers will develop alcohol-related health problems.[@b1] The risk threshold for developing alcohol-related liver disease is 20--30 g of ethanol intake per day, cirrhosis developing in 10--20% of those consuming more than 80 g of ethanol daily. However, light or moderate alcohol consumption (70--140 g/week, 140--280 g/week, respectively) may protect subjects, in the absence of any other liver condition, against the development of hypertransaminasemia.[@b2]

The hepatitis B (HBV) and C (HCV) viruses are leading causes of chronic liver disease and are responsible for 1.2--1.5 million deaths annually.[@b3] Regarding HCV infection, the vast majority of patients respond well to treatment, and with the use of emerging direct acting antivirals, virological response rates are expected to increase to 90--95%.[@b4] For HBV, patients undergoing treatment can achieve at least virological remission.[@b5] Given the high prevalence of hepatitis virus infection in the general population, pathological alcohol consumption is often found in patients who test positive for hepatitis virus.[@b6]

Here, we review and analyze the epidemiology of alcohol use and viral hepatitis, the mechanisms underlying the interaction between alcohol and hepatitis viruses, and the impact of both alcohol consumption and hepatitis viruses on liver disease. The literature search included published articles (peer reviewed original, review and meta-analyses) and we used the following search terms: alcohol and HCV; alcohol and HBV; alcohol and hepatitis C; alcohol and hepatitis B; interaction alcohol and HCV; and interaction alcohol and HBV.

Epidemiology {#s2}
============

In the US, alcohol is linked to 50% of liver-related deaths, accounting for \$3 billion annually.[@b7] In recent years, alcohol consumption has grown rapidly in the People\'s Republic of China, with an annual increase of 400%.[@b8] In Europe, more than 18% of the population \>18 years of age in Germany drink more than 20--30 g of alcohol per day, and 5% show high-risk drinking behavior (\>80 g/d).[@b9] Factors that have been linked to hepatitis virus infections include alcohol use, smoking, and being overweight.[@b10] The prevalence of HCV in drinkers varies, ranging from 5% to 56%, and it is high in patients with evidence of liver disease (33--50% versus 2--10%).[@b11] Many alcoholics are polysubstance abusers, and intravenous drug use is the main risk factor for HCV infection (60%).[@b12],[@b13] Since HBV can also be transmitted in this manner, it is reasonable to suspect that the prevalence of HBsAg in alcohol consumers would be greater than the general population. Other risk factors for alcohol drinkers include increased likelihood for trauma, hospitalization, blood transfusions and risky sexual behavior.[@b11] Rosman *et al.* [@b14] studied the prevalence of HBV and HCV in a cohort of 150 alcoholics and 166 non-drinkers. Although there was no difference in the prevalence of HBV in drinkers and non-drinkers, the prevalence of anti-HCV was significantly higher in alcoholics relative to non-drinkers, suggesting that alcohol abuse is an independent risk factor for HCV but not HBV infection.

Virus-alcohol interaction {#s3}
=========================

It is well known that alcohol consumption negatively affects virus-related liver disease, but the complex interactions between alcohol and hepatitis virus infection are not fully understood. Possible explanations include effects on viral replication, increased oxidative stress, cytotoxicity, and a weakened immune response ([Table 1](#t01){ref-type="table"}).

###### Possible mechanisms by which alcohol worsens virus-related liver disease

  Alcohol actions                            Sharing of HCV   Sharing of HBV   Effects                                                      Ref.
  ------------------------------------------ ---------------- ---------------- ------------------------------------------------------------ ----------------
  Suppression of MHC class I-II              Yes              N.A.             Decrease action of interferon                                [@b15]
  Enhance endogenous opioid system           N.A.             N.A.             Decrease action of interferon;boost of HCV replication       [@b18]
  Additive effect in cyclooxygenase-2        Yes              N.A.             Improvement of liver damage                                  [@b19]
  Modulation of host lipid metabolism        N.A.             N.A.             Enhance HCV replication                                      [@b21]
  Trigger oxidative stress                   Yes              N.A.             Liver damage; disease progression; enhance HBV replication   [@b34]--[@b37]
  Induction of pro-fibrogenic cytokine       Yes              N.A.             Disease progression                                          [@b35]
  Activation of hepatic stellate cells       Yes              N.A.             Disease progression                                          [@b35]
  Break of immune self-tolerance             N.A.             N.A.             Reduction of cellular immune response versus HCV             [@b38],[@b40]
  Development of adaptive immune responses   N.A.             N.A.             Reduction of cellular immune response versus HCV             [@b38],[@b40]

N.A.: data not available; Ref.: reference number

Molecular aspects {#s3a}
-----------------

HCV can modify major histocompatibility complex (MHC) class II-restricted antigen presentation and dendritic cell (DC) function, leading to the persistence of virally infected cells. According to Osna *et al.*,[@b15] ethanol enhances the action of HCV by further suppressing both MHC class I- and class II-restricted antigen presentation. Interferon (IFN), which usually supports antigen presentation, exhibits decreased efficacy in the presence of both HCV and alcohol. More recently, it was shown that betaine or s-adenosylmethionine treatment can reverse the ethanol-induce change in methylation potential by reversing proteasome inhibition and interferon signaling deficits.[@b16] In a mouse model of HCV, analysis of ethanol-induced hepatic modifications revealed that phosphorylation of serine 99 in the HCV core gene had a significant role in the progression of hepatic damage.[@b17]

Effects on viral replication {#s3b}
----------------------------

The role of alcohol metabolism on HCV replication *in vitro* remains controversial. Zhang *et al.* [@b18] reported that alcohol increased HCV replication and decreased the antiviral action of IFN-α by activating the nuclear factor-kappa B pathway and the endogenous opioid system. Similarly, using an HCV sub-genomic replicon cell system, it was demonstrated that alcohol increased HCV replication.[@b19] Alcohol and HCV also have an additive effect on cyclooxygenase-2 enzyme activity. McCartney *et al.* [@b20] used HCV replicon cell lines expressing cytochrome P450 2E1 to show that physiological concentrations of alcohol (0-100 mmol/L) caused a cytochrome P450 2E1-dependent increase in HCV-RNA levels. Seronello *et al.* [@b21] proposed another explanation for alcohol-induced increases in HCV replication, suggesting that the metabolism of alcohol modulates host lipid metabolism. The physiological levels of ethanol, acetaldehyde, and acetone stimulated HCV replication by modulating the host\'s lipid metabolism and this required elevations in nicotinamide adenine dinucleotide levels. However, Plumlee *et al.* [@b22] reported that ethanol inhibited HCV replication in several independent human hepatoma lines. This discrepancy may be explained by acute alcohol metabolism mediated rapid increases in oxidative stress and subsequent inhibition of viral replication.[@b23] Recently, in an animal model of HCV using chimeric mice transplanted with HCV-infected human hepatocytes, alcohol exposure was shown to promote persistent HCV infection and liver injury.[@b24]

The influence of alcohol consumption on HCV replication in humans is also controversial. For example, it has been reported that serum HCV-RNA levels in drinkers were either increased[@b25],[@b26] or the same as abstinent subjects.[@b27],[@b28] Moreover, in previous drinkers, HCV-RNA levels either had no effect[@b29] or decreased viral load.[@b30] In a meta-analysis, Anand *et al.* [@b31] suggested that variation in results were due primarily to differences in the classification of alcohol consumption. Based on the available data, the authors were unable to confirm the positive or negative effect of alcohol consumption on serum HCV-RNA levels.

The SCID transgenic mouse model of HBV has sustained reliable levels of virus replication,[@b32] and HBV replication in these mice was enhanced by alcohol consumption. The levels of hepatitis B surface antigen (HBsAg) and viral DNA were increased 7-fold in animals treated with alcohol relative to control. Moreover, ethanol treatment increased HBV-RNA levels and improved expression of surface, core, and X antigens. These data may account in part for the increased occurrence of HBV markers among drinkers. In contrast, an earlier study found that alcohol consumption decreased serum levels of surface antigens and increased liver accumulation of HBsAG in an HBsAG transgenic mouse model.[@b33] This study was triggered by the finding that alcoholics with hepatitis B have low circulating levels of viral particles but test positive for HBV-DNA. This may be due to alcohol-induced impairment of protein secretion, particularly HBsAg particles.

Role of oxidative stress {#s3c}
------------------------

Both alcohol and HCV increase hepatic oxidative stress. Otani *et al.* [@b34] tested Huh-7 cells expressing the HCV core protein and cytochrome P450 2E1 after alcohol exposure and showed that HCV and alcohol reduced mitochondrial glutathione depletion, improved mitochondrial reactive oxygen species, depolarized mitochondria, and promoted cell death. In fact, mitochondrial reactive oxygen species induced by the HCV core and cytochrome P450 2E1 resulted in a decrease of mitochondrial antioxidant ability and sensitivity to oxidants and tumor necrosis factor-α. In HCV core transgenic mice treated chronically with progressive amounts of ethanol (up to 20%), there was elevated hepatic lipid peroxidation and a synergistic induction of the profibrogenic cytokine transforming growth factor-1 and hepatic stellate cells.[@b35] There was no effect on fatty acid oxidation and inhibition of very-low density lipoprotein secretion. Importantly, ethanol consumption and virus together significantly enhanced lipid peroxidation and increased hepatic transforming growth factor-β and tumor necrosis factor-α gene expression. These findings suggested a possible role of ethanol in the accelerated development of liver fibrosis and cirrhosis in HCV infected patients who also consume alcohol. In another study, 145 consecutive patients with chronic hepatitis C were subdivided into three groups: abstainers, moderate drinkers, and heavy drinkers.[@b36] It was shown that stimulation of oxidative stress by alcohol may negatively impact the evolution of chronic hepatitis C. Consistent with this hypothesis, heavy drinkers had a high prevalence of lipid peroxidation-related antibodies and a more severe level of liver damage relative to abstainers. Moreover, infected patients consuming alcohol had significantly greater diffuse piecemeal necrosis than abstainers. In a cellular model of HBV,^37^ HepAD38 cells infected with HBV, ethanol treatment activated transcription of HBV promoters by increasing the expression of nuclear receptors and transcriptions factors. In addition, cytochrome P450 2E1-induced oxidative stress enhanced ethanol-related transactivation of HBV. Taken together, these findings provide a molecular explanation for the enhanced progression of disease in HBV patients who abuse alcohol.

Effect on immune system {#s3d}
-----------------------

Gene-expression profiling of liver tissue samples from patients with HCV or alcohol-related cirrhosis revealed that immune and viral gene responses were downregulated in patients with both HCV infection and alcohol intake.[@b38] Alcohol-induced oxidative modifications of liver constituents enhance specific immune responses that break self-tolerance in the hepatic tissue. The development of adaptive immune responses results in alcohol-mediated stimulation of innate immunity, contributing to hepatic inflammation during alcoholic liver disease. However, the progression of alcoholic disease to cirrhosis and hepatocellular carcinoma (HCC) is likely related to interactions with both the innate and adaptive immune systems. In support of this hypothesis, mice chronically exposed to ethanol exhibited reduced cellular immune response to HCV core and non-structural proteins, and this alteration tended to lead to insufficient dendritic cell maturation and a predominant Th2-immune response.[@b39] According to another study, alcohol promoted an immune impairment, and this may explain the high rate of chronicity of viral infection in alcohol abusers.[@b40]

Progression of liver disease {#s4}
============================

Alcohol is a significant comorbid factor for the progression of liver disease. The oxidation of ethanol to water and carbon dioxide is mediated by the following hepatic enzymes: alcohol-dehydrogenase, microsomal ethanol oxidizing system and catalase in peroxisomal membrane, and all creating acetaldehyde. Acetaldehyde is oxidized to acetate by aldehyde-dehydrogenase and forms hybrid-adducts with reactive residues. Consequently, acetaldehyde negatively impacts proteins and small molecules via lipid peroxidation and nucleic acid oxidation.[@b41] Rigamonti *et al.* [@b36] suggested that oxidative stress may be one of the main mechanisms by which alcohol leads to the progression of chronic hepatitis. In HCV patients, not only alcohol use accelerates the progression of fibrosis, but it also favors decompensation and worsens survival.[@b42] In a retrospective study, 6,354 patients managed for alcohol dependence or abuse were evaluated on the influence of HCV infection.[@b43] The mortality rate in patients with HCV (15%) during hospitalization was doubled relative to drinkers without infection. These data were confirmed in a subsequent study that reported HCV as an independent predictor of mortality among drinkers.[@b44] In another study examining the progression of HCV-related liver disease and the risk of HCC onset in moderate (\<80 g/day) and heavy (\>80 g/day) Japanese drinkers, the authors found a 1.5-2.5-fold increased risk for the development of cirrhosis and HCC in the alcohol group compared to the abstinent group.[@b27] Moreover, clinical manifestations, such as variceal bleeding, ascites, and encephalopathy, were more frequent in drinkers. Recently, Fuster *et al.* [@b45] demonstrated that HCV-positive alcoholic patients died at a younger age relative to those without infection. In a meta-analysis involving 15,000 patients with chronic HCV infection, heavy drinking (210 to 560 g/week) was shown to increase the risk of advanced fibrosis and compensated and decompensated cirrhosis.[@b46] In addition, this study highlighted the following points: 1) the negative effect of alcohol consumption may be underestimated in liver biopsy studies because heavy drinkers, who are typically not fully compliant, may avoid this invasive examination; 2) although it was clearly demonstrated that alcohol and HCV together worsened patient outcome, the exact threshold above which alcohol significantly accelerated disease progression was unclear.

In HBsAg-positive patients, alcohol intake is linked with increased hepatic necroinflammatory activity and fibrosis progression. In addition alcohol abuse in patients with chronic hepatitis B is associated with an increased risk of cirrhosis and the development of HCC.[@b47] However, in a study analyzing the relationship between alcohol consumption and liver stiffness in chronic HBV-infected patients, it was found that the prevalence of advanced fibrosis in HBV-positive patients with mild to moderate alcohol intake was comparable to that of nondrinkers.[@b48] In an observational, nationwide study, a significant association between alcohol consumption and mortality in patients with chronic viral hepatitis was shown, where excessive alcohol consumption was significantly connected with death at young age for both HBV- and HCV-infected individuals.[@b49] In addition, when examining the role of prior HBV infection in patients with advanced alcoholic liver disease, it was demonstrated that anti-HBc-positive alcoholic patients with cirrhosis exhibited more severe liver disease than anti-HBc-negative cirrhosis patients.[@b50]

Hepatocellular carcinoma {#s5}
========================

It is well-documented that HCV-positive drinkers are more likely to develop HCC than abstinent individuals.[@b51],[@b52] Tsutsumi *et al.* [@b53] reported that alcohol use accelerated the onset of HCC in HCV-positive subjects. Moreover, HCC developed at a younger age in patients with both alcohol abuse and HCV infection than those with a single etiologic agent. Loomba *et al.* [@b54] demonstrated in HBsAg-positive patients that the probability of HCC onset was higher among alcohol users and overweight, obese, and extremely obese patients relative to other patients, showing a synergistic effect between weight and alcohol. In a retrospective analysis of 716 Japanese patients affected by cirrhosis, the following three groups were compared: drinkers, HCV-positive, and patients with both characteristics.[@b55] The results indicated the following: 1) alcohol abuse was associated with decreased survival in HCV-positive cirrhosis patients without early-stage HCC; 2) HCC development in alcoholics without HCV infection was lower relative to the other two groups; and 3) HCC occurred at a younger age in HCV-positive patients with an alcohol habit relative to the other two groups. Similarly, HCC was more aggressive, with a worse outcome after surgery, in HCV-positive alcohol-consuming subjects compared to abstinent patients.[@b56] Another study demonstrated that alcoholics with HCV infection and HCC had a shorter disease-free period after curative resection and a poorer 3 year survival relative to HCV-positive non-drinkers (12.6 versus 25.4 months and 67% versus 95%, respectively).[@b57]

Concerning HBV, several reports have indicated that a past infection can be a risk factor for developing HCC in patients with alcoholic cirrhosis. Uetake *et al.* [@b58] reported that heavy cumulative alcohol intake and a past HBV-infection are independent risk factors for HCC development in patients with alcoholic cirrhosis. In contrast, in 123 HCV-positive and HBsAg-negative patients, habitual drinking was not a relevant risk factor for HCC.[@b59]

Antivirals in drinkers {#s6}
======================

Alcohol abuse appears to decrease responsiveness to interferon therapy, reducing both sensitivity and compliance.[@b60] The molecular mechanisms underlying this negative influence involve the synergistic inhibitory action of virus and alcohol on the cellular response to interferon.[@b61] Indeed, excessive alcohol use was linked to a lower HCV response in patients treated with an interferon-based regimen.[@b62] However, when the relevant amount of alcohol consumption was quantified in this context, it was found that the sustained virological response (SVR) rates of drinkers with levels of alcohol consumption up to 24 g in 24 hours were similar to those of nondrinkers.[@b63] In addition, it was reported that adherence to treatment and rates of SVR were similar in non-drinkers and past drinkers, whereas patients with a short-term abstinence were more likely to discontinue treatment and exhibited a reduced rate of SVR.[@b64] The rate of SVR was not impaired in alcohol users who were able to complete the treatment, suggesting that compliance is the only significant factor influencing the probability of SVR with interferon therapy.[@b64] In general, a multidisciplinary approach seems best to guarantee a similar SVR between treated patients with hepatitis C with or without alcohol dependence.[@b65] This was recently confirmed by Lin *et al.,* [@b66] who demonstrated that HCV patients with hazardous alcohol consumption can be treated effectively, regardless of whether they were followed by a dedicated reference nurse. It seems that at least a year of abstinence is necessary for HCV-positive patients to achieve adequate adherence to the antiviral treatment.[@b67] Other authors, confirming the importance of patient attitude, proposed "motivational enhancement therapy" for HCV subjects with alcohol use disorders, and this protocol was significantly effective in maintaining abstinence.[@b68]

With respect to HBV, neither slight nor hazardous alcohol consumption levels negatively affect antiviral efficacy. Similar findings were reported for SVR in patients affected by chronic hepatitis B treated with Entecavir.[@b69] Nevertheless, alcohol consumption may lead to the overtreatment of patients with HBV infection. It was recently reported that elevated aminotransferase activity in only half of patients with HBV was due to an immune active chronic hepatitis B, whereas non-alcoholic fatty liver disease or alcohol consumption were considered other possible causes for enzyme elevation.[@b70]

Alcohol can hinder antiviral treatment, and a substantial proportion of patients with hepatitis B and the majority of those with hepatitis C remain untreated. While in Eastern European countries a lack of financial resources is the most frequent cause of nontreatment; in nonEastern countries, parenteral drug and alcohol abuse are the main barriers to therapy.[@b71] Regarding the treatment of HBV infection, the rates of nontreatment in Western Europe range from 37 to 66%. The reasons for nontreatment varied among the studies.[@b71] In one Italian study of more than 3,000 patients, immigrant status and alcohol abuse were independently associated with non-treatment.[@b72]

Conclusions and future perspectives {#s7}
===================================

Today, alcohol-related liver disease is a major social and health problem, especially for industrialized and emerging countries. Since many alcoholics are polysubstance abusers, it follows that there is a link between alcohol abuse and parenteral virus infection. It is important to note, however, that drinkers exhibit a high prevalence of viral infection in the absence of polysubstance use and abuse. Drinkers are at additional risk of trauma, hospitalization, blood transfusions, and risky sexual behavior and this may explain the elevated prevalence of virus in ethanol consumers. Alcohol negatively affects viral liver disease by suppressing MHC-I and II and by direct and indirect negative effects on viral replication, increasing both oxidative stress and cytotoxicity, and weakening immune response. These actions together negatively affect prognosis of these patients, leading to accelerated progression of liver damage, a greater incidence of HCC, and, definitively, higher mortality. In addition, noncompliance with antiviral therapy is a problem with alcoholic patients, further contributing to poor prognosis.

The negative synergism between alcohol use and viral infection is clear, and defining a specific threshold for safe alcohol consumption is difficult and perhaps impossible. Therefore, in the presence of acute or chronic liver disease, complete abstinence is mandatory.

Although data regarding treatment of HCV positive alcoholics is limited, the use of new antivirals for HCV treatment is promising. It is well known that the available drugs for HBV can control the infection in a large percentage of patients. However, alcohol-related diseases are and will continue to be major clinical problems, also becouse alcohol constitutes a barrier for antiviral treatment. The cost of HCV treatment will increase in the coming years as the availability of direct antiviral agents for HCV infection will become more widespread. Indeed, to use or not these therapies in patients with alcohol disorder, will be a very complex choice.

In conclusion, given the complexity of this matter, major scientific efforts should focus on the following points of interest:

1.  increased knowledge of the relationship between HBV and alcohol;

2.  identification, if possible, of a safe threshold for controlled alcohol consumption;

3.  consolidation of a multidisciplinary approach for patients with chronic liver disease and alcohol habit;

4.  major expansion of antiviral access for subjects with alcohol-related health problems;

5.  overcoming the moral and social stigma of alcoholism, as it is simply a disease.

DC

:   dendritic cell

HBsAg

:   hepatitis B surface antigen

HBV

:   hepatitis B virus

HCC

:   hepatocellular carcinoma

HCV

:   hepatitis C virus

IFN

:   Interferon

MHC

:   major histocompatibility complex

SVR

:   sustained virological response

US

:   United States

[^1]: **Conflict of interest:** None

[^2]: **Author contributions:** Review design (SG, PA), manuscript writing (SG, PA), critical revision (GV, EV, PA).
